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Humoral and cell-mediated immunity (CMI) were evaluated in groups of school
children after immunization with inactivated influenza virus vaccines. A conven-
tional biphasic strain (H;ChN,Ch) of Port Chalmers influenza virus (X-41), a
recombinant influenza virus specific for the neuraminidase antigen (Heq;N.Ch)
of Port Chalmers influenza A virus (X-42), and a placebo were employed for
immunization. The techniques of hemagglutination inhibition and neuraminidase
inhibition were used to determine serum antibody titers. The CMI responses were
evaluated by the in vitro lymphocyte transformation assay employing HavN,Ch,
Heq:Neq;, HiChNeq;, and H;ChN.Ch influenza A virus strains as stimulants.
Specific HAI antibody and CMI responses to H;Ch were observed in X-41 but
not in X-42 vaccinees. Specific anti-neuraminidase antibodies and CMI responses
to N.Ch were manifested by both X-41 and X-42 vaccinees. Immunization with
the placebo resulted in no influenza-specific immune responses. The CMI response
was first detectable 10 days after immunization and then declined. These obser-
vations demonstrate the induction of CMI responses to the HA and NA influenza
surface antigens after immunization. These responses may be important in
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antiviral immunity and the recovery from influenza infection.

The antibody response to influenza virus after
natural infection or immunization has been stud-
ied extensively (4, 11, 19, 23-25, 32). It has been
proposed that antibodies to the hemagglutinin
(HA) antigen of influenza protect individuals
against influenza infection, while antibodies to
the neuraminidase (NA) antigen may protect
against illness but not infection (12, 13, 18, 24).

The possibility that cell-mediated immunity
(CMI) may play a role in the pathogenesis or
protection against influenza has also been sug-
gested. Several lines of evidence support this
concept. After the disappearance of antibody,
mice were still protected against a lethal chal-
lenge of influenza virus (15). Susceptibility to
influenza infection in the presence of serum an-
tibody and resistance to influenza infection in
the absence of detectable serum antibody have
also been observed in other studies (26). These
results suggest the existence of a host defense
mechanism other than antibody which may be
operative in influenza immunity or pathogenesis.

Recently influenza-specific CMI activity has
been observed after immunization in humans
(22). These studies employed the immunizing
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virus as the test antigen. However, little infor-
mation is available regarding HA- and NA-spe-
cific influenza CMI response in humans. The
purpose of the present study was to evaluate the
specificity and temporal kinetics of the CMI
response to the HA and NA surface antigens of
influenza A virus after immunization with inac-
tivated influenza A virus vaccines.

MATERIALS AND METHODS

Study population. The study population consisted
of 12 healthy children from the Buffalo Public School
system. These children were part of a larger group
participating in an influenza virus vaccine trial. In-
formed written consent for immunization and subse-
quent testing was obtained from the parents or guard-
ians of these children. This study was reviewed and
approved by the Buffalo Children’s Hospital Human
Experimentation Committee.

Specimens of heparinized blood and serum were
collected from subjects before immunization and at 10,
30, and 80 days after vaccination. Heparinized blood
specimens were processed as described below. All se-
rum samples were stored at —20°C before testing for
influenza-specific antibody activity.

In addition, seven specimens of heparinized cord
blood and heparinized blood samples from seven
healthy adults seropositive for H.ChN,Ch antibody
were also tested as described below.

Vaccines. Three vaccines were employed for these
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investigations: X-41, X-42, and a placebo. X-41 is a
conventional inactivated Port Chalmers (H;ChN:Ch)
influenza vaccine. X-42 is the recombinant virus vac-
cine produced by the genetic hybridization of equine
and Port Chalmers strains of influenza virus. The
progeny strain employed for immunization contained
equine HA (Heq;) and Port Chalmers NA (N:Ch)
antigens. Vaccine diluent was employed as the placebo
control. The hemagglutination titers of the X-41 and
X-42 vaccines were 3,072 and 1,024, respectively, as
determined by the precision fractional dilution tech-
nique (30). The X-41 vaccine contained 2.3-fold more
NA activity than the X-42 vaccine as determined by
the NA assay. All vaccine preparations were produced
by Merrell-National Laboratories, Cincinnati, Ohio.
Subjects were inoculated with a single dose of 0.5 ml
of the appropriate vaccine.

Virus strains. The following influenza virus strains
were employed for this study: Az/Port Chalmers/73
(H3ChN:Ch); A,/Port Chalmers/73-A/Equine/56 (Hs-
ChNeq:); A/Equine/56-Az/Port Chalmers/73 (Heq;-
N:Ch); A/Avian-A/Port Chalmers/73 (HavN:Ch);
and A/Equine/56 (Heq:Neq,). All viruses were grown
in embryonated eggs from seed stocks initially fur-
nished by E. D. Kilbourne and J. Schulman (Mt. Sinai
School of Medicine, New York, N.Y.) and R. G. Webs-
ter (St. Jude Children’s Research Hospital, Memphis,
Tenn.). Virus pools of each strain were prepared by
allantoic inoculation of embryonated eggs. After in-
cubation at 35°C for 48 h, the eggs were chilled at
—20°C for 1 h and the allantoic fluid was harvested
and pooled. The allantoic fluid from infected eggs was
then clarified by centrifugation at 500 X g for 30 min
at 4°C and stored at —85°C.

Serological procedures. Purified and crude influ-
enza virus preparations were quantitated by assaying
for influenza virus HA and NA activity. The assay for
the influenza virus HA was performed by using a
standard microtiter procedure (7). The NA activity of
influenza virus preparations was determined as previ-
ously described (1, 3, 4, 36).

Antibody activity to influenza HA was detected by
a standard microtiter hemagglutination inhibition
(HAI) assay employing receptor-destroying enzyme
pretreatment, 4 HA units (HAU) of influenza virus,
and chicken erythrocytes as indicator cells. Samples
collected from the vaccines were tested for specific
H;Ch and Heq, antibody activity by using the recom-
binant HsChNeq, and Heq,Neq; strains, respectively,
as the test antigens. Anti-NA antibody (ANAB) titers
were determined by employing an enzyme inhibition
test as previously described (35, 36). The recombinant
HavN,Ch influenza virus was employed in the ANAB
assay.

Purification of influenza virus. The recombinant
strains of influenza virus H;ChN.Ch, H;ChNeq;,
HavN:Ch, and Heq;Neq; were purified and employed
as stimulants in the in vitro lymphocyte transforma-
tion assay. For purification, 30 ml of allantoic fluid was
layered onto a 0.8-ml cushion of 25% sucrose (wt/vol)
and centrifuged in a Beckman model L-50 ultracentri-
fuge by using an SW-25 rotor (Beckman Instruments,
Inc., Palo Alto, Calif.) at 47,000 X g for 1 h. The
resulting pellet was diluted 1:4 with phosphate-
buffered saline (PBS), pH 7.4, and 20 ml of this prep-
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aration was layered onto a 30 to 60% sucrose (wt/vol)
gradient in PBS and centrifuged in an SW-25 rotor at
47,000 X g for 1 h. The visible band of virus was
collected, dialyzed against three changes of PBS at
4°C for 48 h, and concentrated by centrifugation at
47,000 X g for 1 h. The pellet was resuspended in PBS
and layered onto a sucrose gradient, and the process
was repeated as described above.

The pooled, dialyzed influenza virus preparations
were filtered through a 0.45-pm membrane filter (Mil-
lipore Co., Bedford, Mass.) inactivated by exposure to
ultraviolet light for 30 min, aliquoted, and stored at
—85°C. The HA titers of the purified virus ranged
from 8 X 10* to 2 X 10° HAU per ml. As a control
antigen, uninfected allantoic fluid was purified by the
procedure described above and diluted 1:10 in RPMI-
1640.

LTF assay. The lymphocyte transformation (LTF)
assay employed in this study was a micro-whole blood
culture system as described by Pauly and Han (20, 21).
After the determination of a total whole blood cell
count and a differential count, samples of whole blood
were diluted in serum-free RPMI-1640 medium
(GIBCO, Grand Island, N. Y.) supplemented with
glutamine and containing kanamycin (60 ug/ml) to a
final lymphocyte concentration of 2 X 10°/ml. A 0.2-
ml volume of the cell suspension was added to U-
bottom wells of microtiter plates (Cooke Laboratory
Products, Alexandria, Va.). Before the addition of
cells, 0.02 ml of uninfected allantoic fluid or an appro-
priate dilution of influenza antigen was added to trip-
licate sets of wells. Cultures were incubated at 37°C in
a humidified atmosphere of 5% CO; in air. On day 5 of
culture, 0.2 uCi of [methyl-*H]thymidine (specific ac-
tivity, 1.9 uCi/mM; Schwarz/Mann, Orangeburg,
N.Y)) in 0.02 ml of RPMI-1640 was added to each
culture.

After an additional 18 h of incubation, the cells were
harvested with a Multiple Automated Sample Har-
vester (model II, Microbiological Associates, Be-
thesda, Md.). The cells were washed with ca. 4 ml of
3% acetic acid and finally deposited onto a glass fiber
strip (Reeves Angele, Clifton, N. J.). A drop of 30%
hydrogen peroxide was appliedto each disk with a
Pasteur pipette and allowed to dry at room tempera-
ture for 30 min. The samples were then processed for
liquid scintillation counting. First, 0.4 ml of the tissue
solubilizer (Protosol, New England Nuclear Corp.,
Boston, Mass.) was added to each vial. The vials were
placed in a drying oven at 85°C for 20 min. After
cooling, 9.6 ml of diluted toluene-based Liquafluor
(New England Nuclear) was added. Before counting
in a liquid scintillation counter (Beckman, model LS
250), the vials were allowed to dark adapt for 24-48
hours. The results of the LTF assay were expressed as
stimulation indexes (SI), which were defined as the
mean counts per minute of the stimulated lympho-
cytes divided by the mean counts per minute of un-
stimulated lymphocytes. An SI of 3 or greater was
considered as evidence of in vitro lymphocyte stimu-
lation.

RESULTS

Humoral antibody response. Serum anti-
body responses to H;Ch and N.Ch are presented
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in Table 1. In each group, subjects were initially
seronegative or manifested low titers of HsCh or
N;Ch antibody activity before immunization.
Immunization with X-41 vaccine resulted in ser-
oconversion for H;Ch and N.Ch antibody 10
days after immunization. Immunization with X-
42 vaccine induced no increase in H;Ch antibody
activity, but all of the X-42 vaccinees manifested
increases in N.Ch antibody titers. No antibody
response was observed in the placebo group.
The geometric mean titers of H;Ch HAI an-
tibody and N.Ch ANAB were 16 and 7 before
immunization and 98 and 41 at 10 days after
immunization, respectively, in the X-41 group.
The mean H;Ch HALI titer before immunization
was 10, and no increase was observed in X-42
vaccinees after immunization. However, the
mean N2Ch-specific ANAB titers increased from
10 to 343 after immunization with X-42 vaccine.
The individual and mean antibody titers for
N;Ch-specific ANAB after immunization with
X-42 vaccine were 4- to 10-fold higher than N,Ch
antibody titers observed after immunization
with X-41 vaccine. Although some slight varia-
tion was observed, the individual and geometric
mean HAI antibody and ANAB titers were re-
markably similar on days 10, 30, and 80.
Lymphocyte responses to influenza anti-
gens. The responses of lymphocytes from seven
cord blood specimens tested with H;ChN,Ch
influenza virus at different concentrations are
shown in Fig. 1. No significant responses (SI >
3) were observed in any of the specimens tested.
Lymphocytes from healthy adult volunteers
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naturally infected with influenza virus
H3;ChN,Ch were used to determine the optimal
antigen concentration for in vitro stimulation.
The maximum responses were observed at con-
centrations ranging from 80 to 2,560 HAU per
ml (Fig. 2). The concentration which elicited the
maximum response varied from individual to
individual within this range. In view of the var-
iation of SI between the different antigen con-
centrations, influenza antigen preparations di-
luted in RPMI-1640 medium at 80, 640, and
2,560 HAU per ml were chosen as the concen-
trations to be employed for the LTF assay. The
highest SI observed for a given individual re-
gardless of the antigen concentration was con-
sidered as the individual’s optimal response.
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F1G. 1. Individual (®) and mean (=) SI of cord
blood lymphocyte cultures stimulated with H;ChN,Ch
at different antigen concentrations. (---) Indicates an
SI of 3.

TABLE 1. Serum HAI antibody and ANAB responses to H;Ch and N>Ch in subjects studied for CMI to
influenza virus

G H;Ch HAI antibody titer at day: N.Ch ANARB titer at day:
Toup Subject
(vaccine) Pre 10 30 80 Pre 10 30 80
X-41 (H;ChN,Ch) L-3 <8 256 64 256 2 10 27 91
L-7 16 128 128 NT¢ 10 147 128 NT
L-11 16 64 64 64 16 64 111 208
L-12 8 32 64 64 7 90 28 21
L-16 64 128 128 64 8 14 22 24
GMT’16 98 85 91 7 41 47 56
X-42 (Heq1N:Ch) L-5 <8 <8 <8 8 23 548 512 588
L9 16 16 16 16 11 128 147 223
L-10 <8 <8 8 8 2 415 362 445
L-13 <8 <8 <8 8 16 477 445 362
GMT 10 6 10 10 10 343 331 381
Placebo (diluent) L4 16 16 16 16 23 9 15 21
L-6 <8 <8 <8 8 2 2 2 2
L-15 16 16 16 16 4 10 2 10
GMT 13 13 13 13 6 6 3 11
% NT, Not tested.

® GMT, Geometric mean titer.



106

Proliferative responses of peripheral blood
lymphocytes obtained from the three groups of
vaccinated subjects after in vitro stimulation
with H;ChN,Ch (Port Chalmers) antigen are
presented in Table 2. Ten days after vaccination,
significant lymphoproliferative activity was ob-
served in four of five X-41 (HsChN.Ch)- and in
three of four X-42 (Heq:N.Ch)-vaccinated sub-
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F16. 2. Individual (®) and mean (=) SI of lympho-
cyte cultures from seropositive naturally infected
adults stimulated with H;ChN.Ch influenza virus at
different concentrations. (---) Indicates an SI of 3.
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jects. Subjects L-12 (X-41) and L-13 (X-42)
failed to respond to the H;ChN.Ch antigen de-
spite their seroconversion for specific antibody
(Table 1). The CMI response to H;ChN.Ch an-
tigen gradually decreased after manifesting peak
levels 10 days after immunization. No prolifera-
tive activity to H;ChN.Ch was observed 80 days
after immunization in the X-42 group, whereas
at 80 days several X-42 vaccinees manifested
H3;ChN:Ch-specific LTF activity.

In vitro proliferative response to H;Ch antigen
was evaluated by testing with the recombinant
H;ChNeq; influenza virus. Ten days after im-
munization, four of five X-41 vaccinees mani-
fested a significant LTF response to HsChNeq;
(Table 2). The CMI response to HsCh antigen
gradually decreased after the peak activity at
day 10. Lymphoproliferative activity to the HA
of Port Chalmers influenza virus (H;Ch) was not
significantly increased (P > 0.05) in the X-42
group after immunization with Heq;N.Ch vac-
cine. No response was observed in placebo sub-
jects after in vitro stimulation with H;ChNeq;.

HavN,Ch served as a test antigen to evaluate
N:Ch specific lymphoproliferative responses
(Table 3). Ten days after immunization, four of
five X-41 recipients and all X-42 vaccinated sub-
jects manifested significant LTF responses to
HavN.Ch. Although both groups were immu-
nized with recombinant virus preparations con-

TaBLE 2. Individual and mean SI of lymphocyte cultures in response to influenza viral antigens H;ChN,Ch

and H;ChNeql1®
SI at days indicated:
Test antigen
) Subject
v H:ChN;Ch H;ChNeql

Pre 10 30 80 Pre 10 30 80
X-41 L-3 2.5 9.3 2.5 5.7 2.3 8.9 2.7 2.2
(H;ChN:Ch) L-7 1.6 11.2 4.8 NT® 15 10.8 1.8 NT
L-11 1.3 6.2 6.9 1.2 3.5 5.9 3.1 0.7
L-12 0.9 1.5 2.0 3.5 0.8 1.7 1.8 2.3
L-16 4.4 20.6 10.5 5.5 5.1 17.9 2.2 4.7
GMI‘ 1.8 7.3 4.6 34 7.0 2.3 2.0
X-42 L-5 3.1 9.7 2.2 2.1 14 1.8 2.6 2.1
(Heq1N:Ch) L-9 2.2 6.9 14 1.5 2.1 2.6 2.0 2.6
L-10 4.1 8.4 7.3 2.8 2.2 4.9 4.4 2.8
L-13 1.6 2.5 0.9 0.8 1.5 2.8 24 1.8
GMI 2.6 6.1 2.1 1.6 1.8 2.8 2.7 2.3
Placebo L4 3.5 3.6 2.1 24 3.6 3.5 24 3.0
(diluent) L-6 1.2 1.1 0.9 29 1.1 1.9 0.7 2.8
L-15 14 0.6 1.0 1.3 1.7 1.0 14 2.6
GMI 1.8 14 1.2 2.1 1.9 1.9 1.3 2.8

“ Significant responses are in boldface.

® NT, Not tested.

¢ GMI, Geometric mean index.
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TasLE 3. Individual and mean SI of lymphocyte cultures in response to influenza viral antigens HavN.Ch
and HeqlNeqI“

SI at days indicated

Group

Test antigen

(vaccine) Subject

HavN.Ch Heq1Neql
Pre 10 30 80 Pre 10 30 80
X-41 L-3 3.4 7.5 2.4 3.0 1.6 2.8 2.0 2.8
(HsChN.Ch) L-7 1.6 3.6 1.8 NT® 1.3 1.7 3.0 NT
L-11 1.8 3.3 4.4 1.3 1.6 2.5 1.1 1.8
L-12 0.9 1.7 1.4 1.5 0.8 1.1 1.9 0.7
L-16 3.5 6.4 6.8 5.3 2.8 1.9 1.6 1.9
GMI 2.0 4.0 3.1 24 1.5 1.9 1.6 1.6
X-41 L-5 2.2 12.6 3.1 1.8 2.8 4.4 1.9 1.4
(Heq1N.Ch) L-9 1.5 8.4 2.1 34 1.5 3.6 3.2 24
L-10 4.9 41.0 17.6 5.8 4.3 7.0 5.2 2.2
L-13 1.7 3.2 1.6 2.0 1.8 2.6 2.1 2.2
GMI 2.3 10.8 3.7 29 24 4.1 29 2.0
Placebo L-4 3.9 4.6 4.1 3.0 2.0 3.6 3.0 2.1
(diluent) L-6 0.7 1.7 0.7 1.9 0.7 1.2 0.9 1.2
L-15 2.3 0.8 1.0 2.0 1.0 1.4 24 1.0
GMI 1.8 1.9 1.4 2.3 1.1 1.8 1.9 1.4

“ Significant responses are in boldface.
" NT, Not tested.
“ GMI, Geometric mean index.

taining N.Ch antigen, the mean and individual
lymphoproliferative response to HavN,Ch anti-
gen observed in X-42 (Heq;N:Ch) subjects were
notably higher than the responses observed in
X-41 (H;ChN.Ch) vaccinees. The temporal pat-
tern of the LTF response to N.Ch antigen was
characterized by the appearance of peak activity
10 days after immunization. Subsequently, the
LTF reactivity declined and only minimal activ-
ity was detectable 80 days after immunization.
No response to HavN.Ch was manifested by the
placebo group.

A detectable in vitro proliferative response to
Heq; with Heq;Neq; as the test antigen was
observed only in X-42 subjects immunized with
Heq;N,Ch vaccine (Table 3). Little or no prolif-
erative activity to Heq:Neq; was observed before
immunization in the X-42 group, while three of
four vaccinees manifested significant responses
10 days after immunization with Heq;N>Ch vac-
cine. This response was transient, being unde-
tectable 30 to 80 days after immunization. No
Heq:Neq;-specific in vitro lymphoproliferative
response was observed in X-41 or placebo
groups.

DISCUSSION

The serological responses of the vaccine
groups indicate that all subjects were success-
fully immunized. The X-41 (H;ChN,Ch) vacci-

nees manifested seroconversion for H;Ch- and
N.Ch-specific antibody. The recipients of the X-
42 vaccine (Heq;N2Ch) manifested mean N,Ch-
specific antibody responses eightfold greater
than those observed in X-41 (H;ChN,Ch) vac-
cinees. This would indicate that both vaccinees
are immunogenic and that the X-42 vaccine is
superior to the X-41 vaccine in eliciting antibod-
ies to N,Ch. This agrees with previous studies of
the serological responses to these recombinant
influenza vaccinees (19).

Lymphocyte transformation correlates di-
rectly with prior exposure to antigen and is
dependent upon immunological memory of the
cell population (31). This technique was em-
ployed to evaluate the CMI responses in the
present study. Although the induction of lym-
phoproliferative activity by mitogens has been
shown to involve both T- and B-cells (6), the
initial triggering of proliferative responses to
bacterial (purified protein derivative) and viral
antigens (mumps and rubella) has been demon-
strated to be primarily a T-cell response (6, 16).

The antigen concentrations employed for in
vitro stimulation in the present study were de-
termined in healthy seropositive adults. From
these antigen dose response studies, optimal an-
tigen concentrations were observed in the range
of 80 to 2,560 HAU per ml. Variability in the
antigen concentration at which in vitro lympho-
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proliferation is observed has been reported in
other studies on CMI responses to viral infec-
tions (3, 10).

The specificity of the LTF assay was con-
firmed by testing cord blood lymphocytes with
the purified influenza virus and the use of het-
erologous antigens. Cord blood lymphocytes did
not manifest significant lymphoproliferative re-
sponses to the influenza antigens. This indicates
that these antigen preparations did not have
nonspecific mitogenic activity. Influenza viruses
Heq;Neq; and H;ChNeq; served as heterotypic
antigens for the H;ChN.Ch (X-41) and
Heq;N;Ch (X-42) vaccinees, respectively. Only
two borderline proliferative responses to the het-
erotypic antigens were observed in the vaccine
groups. These responses may have been elicited
by the internal antigens shared by the stimulat-
ing and the immunizing virus. Alternatively,
they could be manifestations of past influenza
virus infections.

The HA- and NA-specific antibody responses
after immunization with inactivated influenza
vaccines has been extensively studied (4, 11, 19,
23-25, 32). However, little is known about the
HA- and NA-specific CMI responses after such
immunization. The present study has demon-
strated that, after immunization with
H;ChN,Ch influenza vaccine, specific H;Ch and
N,Ch CMI responses are regularly detectable.
N,Ch-specific CMI responses are also detectable
after vaccination with the NA-specific vaccine
(Heq;N2Ch). CMI responses to the H;Ch antigen
were not augmented by immunization with
Heq;N;Ch. Regardless of the influenza strain
employed for immunization, the duration of de-
tectable CMI responses appeared to be short-
lived. The temporal pattern of the CMI re-
sponses to H;Ch and N,Ch antigens was char-
acterized by the appearance of peak LTF activ-
ity 10 days after immunization. Subsequently,
the lymphoproliferative responses declined and
activity was undetectable after 30 to 80 days.
Short-lived appearance of in vitro correlates of
viral CMI has also been observed by other in-
vestigators in responses to influenza virus (5, 8,
34), rubella virus (17, 27), and Sendai virus (2).

The in vitro LTF assay is considered an anti-
gen-recognition response (31). The increased
lymphoproliferative response to influenza sur-
face antigen seen after vaccination implies an
increase in antigen recognition by peripheral
blood lymphocytes in vitro. Both T- and B-cells
circulate in peripheral blood, with the majority
of lymphocytes as T-cells (9, 14). The initial
triggering of the proliferative response to viral
antigens has been demonstrated to be primarily
a T-cell response (6, 16). A requirement for a T-
cell helper activity to elicit anti-HA antibody
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production after influenza infection has been
demonstrated (33). HAI antibody has been
shown to protect humans against influenza virus
infection, while protection against illness but not
infection may be provided by ANAB (12, 13, 18,
24). Thus, sensitized T-lymphocytes, through
their regulatory and helper activity on the hu-
moral response, could have an essential role in
the host defense mechanism against influenza
infection.

The role of T-lymphocytes in the host defense
against influenza may involve factors other than
their participation in antibody formation. Local
and systemic influenza-specific CMI has been
considered an important factor in the pathogen-
esis of influenza virus infection and host defense
mechanism in the recovery from influenza infec-
tions. Sullivan et al. (28) demonstrated that T-
lymphocytes are responsible for limiting the dis-
semination of influenza virus in the lung. The T-
lymphocytes have also been shown to be in-
volved in the inflammatory response observed
in lung tissue after influenza infection (38).

This study has demonstrated specific CMI
responses to the HA and NA antigens of influ-
enza virus after systemic influenza immuniza-
tion, although the role of T-cells and specific
CMI responses in the pathogenesis or recovery
from influenza virus infection remains to be
clearly defined.
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